The goal of this study was to determine the effects of phytase transgenic corn (PTC) in low phosphorus (P) cornsoybean meal diets on growth performance, and P and calcium (Ca) utilization by broilers. Six hundred and forty 1day-old male broiler chicks were randomly divided into four groups, with eight replicates of 20 birds in each group, and fed for 42 days. Four treatments consisted of a positive control (PC), a negative control (NC), a PTC group and an exogenous phytase (EP) group. The PC group was fed with basal diet containing adequate amount of P. The NC group had 50% of the dicalcium phosphate supplement in the basal diet. The PTC group had the same inorganic P as the NC diet, but was substituted PTC for normal corn, so that the diet contained 500 phytase units (FTU) per kg of diet. The EP group was fed a diet identical to the NC diet but supplemented with 500 FTU of EP/kg of diet. The experiment showed that: there were no significant differences between the PTC and the PC groups, although a more favorable feed/gain occurred from the PTC group. The average daily feed intake and the average daily gain in the PC, PTC and EP groups were higher than those in the NC group (P＜0.05). The Ca and P contents of tibia ash and serum in the PTC group were similar to those in the PC group, except for a higher tibia P percentage in the PC group at day 21 (P＜0.05). These values were slightly higher than those in the EP group, except for a lower content of tibia P of the PTC group on day 42; the apparent retention of total phosphorus of the PTC and EP groups from day 17 to 21 was higher than that in the PC group (P＜0.05). In conclusion, PTC as a source of phytase can replace the EP in broiler diets, especially in the starter phase of broiler chicks. The use of PTC could reduce the inclusion of inorganic P, improve the retention rate of P, and reduce pollution of the environment by farm animals without affecting the growth performance of broilers.
Introduction
With the view to reduce the excretion of phosphorus (P) from poultry and swine and improve the P utilization, microbial phytase has been widely used in animal feeds. Microbial phytase added to feeds has merit as a tool for minimizing P excretion by increasing P availability and subsequent utilization (Nelson et al., 1971; Lou et al., 1998) . A different way to include phytase in feed is to include the phytase gene into the genome of plants that will be used as feed ingredients. This was done to produce phytase transgenic corn (PTC) (Chen et al., 2008) . However, research on the use of PTC in broiler feeds is in an early stage (Zhang et al., 2011) , but results suggested phytase from PTC had a similar effect as microbial phytase dose. In accordance with the previous research, the objective of this study was to evaluate the effects of PTC on growth performance and the calcium (Ca) and P utilization of broiler chicks fed with low-P corn-soybean meal diets.
Materials and Methods

Birds, Feeding, and Management
PTC. The PTC expressing Aspergillus niger phyA2 gene in seeds was developed and licensed by the Chinese Academy of Agricultural Sciences. The PTC was determined to have a phytase activity of 12, 000 phytase units (FTU) per kilogram of corn. One FTU of phytase activity is defined as the amount of enzyme that liberates 1.0 μmol of phosphate per min at 37℃, and the measuring method is described by Chen et al. (2008) . The phytase activity of normal corn was negligible.
Exogenous Phytase. The commercial phytase was a product from Beijing Smile Feed Sci. & Tech. Co., Ltd, and the enzyme activity was 5,000,000 FTU/kg. Dietary Treatments. The treatments consisted of a positive control (PC), a negative control (NC), a PTC group and an exogenous phytase (EP) group. The PC group was fed a basal diet that was formulated to meet nutrient requirements of broilers (NRC, 1994) . The NC diet was low in inorganic P, which was developed by decreasing dicalcium phosphate by one half of the amount in the basal diet and increasing limestone to meet the Ca requirement. The PTC diet was identical to the NC diet except that PTC corn was partly substituted for normal corn, so that the diet contained 500 phytase units (FTU) of PTC/kg of diet. The EP diet was identical to the NC group except that it was supplemented with 500 FTU of EP/kg of diet. Thus the PC, NC, PTC and EP diets contained 0, 0, 500, and 500 FTU/kg of diet, respectively. Composition of the diets was shown in Table 1 .
Bird Management. This study was approved by the Animal Care and Use Committee of the Chinese Academy of Agricultural Sciences. A total of 640 1-day-old male broilers (Arbor Acres) were randomly allocated to 4 treatments with 8 replicates of 20 birds per cage (70×70×36 cm). All birds were raised in three-layered cages with ad libitum access to feed and water, continuous lighting and controlled ventilation. The feeding program consisted of the starter phase (day 0 to 21) and grower phase (day 21 to 42). Battery cage temperatures from day 1 to 3, 4 to 7, 8 to 14, and 15 to 42 were maintained at 35, 33, 30, and 25℃, respectively. Health status of the birds was monitored throughout the experiment. Mortality and body weight of dead chicks were recorded daily. Cage was the experimental unit, except for necropsy and blood examination in which values of the two broilers was averaged to provide a cage mean for statistical analysis.
Growth Study
Following 12 hours of fasting (only drinking water since 20:00 the night before), at 8:00 on the day 21 and 42, birds in each replicate were weighed as a unit and feed consumption was recorded. The average daily feed intake (ADFI), average daily gain (ADG) and the feed/gain (F/G) were computed for days 0-21, 21-42 and 0-42 according to the broilers' body weight (BW) and feed consumption.
Ca and P Availability Trial
The Ca and P utilization trials were during days 17-21 and days 38-42. The diets were supplemented with titanium dioxide (analytical reagent) at 3 g/kg and were fed for a 3-day adaptive period followed by a 4-day test period. All excreta were collected twice daily and stored at −20℃. Frozen excreta samples were dried in a forced air oven at 65℃ for 3 Journal of Poultry Science, 51 (1) 30 1 . 00 1 . 00 Days 0 to 21 1 . 00 days, then ground to pass a 1-mm sieve for later analysis. Feed consumption of every replicate was recorded. According to average body weight, two broilers were selected from each replicate to collect blood by cardiac puncture. The blood was centrifuged at 1,611×g for 10 min for serum collection, and the serum was stored at −20℃ for measurements. Two broilers per replicate were randomly killed by cervical dislocation to collect tibias for measuring their weight, strength and the Ca and P contents.
Chemical Analyses
The left tibia was used to analyze breaking strength. An all-digital electronic universal testing machine (Model WD-I, Guangzhou Macao Gold industrial Automation Systems Co., Ltd., Guangzhou, China) was applied. The machine was fitted with a 3-point-bend rig at a crosshead speed of 5 mm/min, and a span over which the bone was set of 50 mm for chicks of day 21 and 80 mm for chicks of day 42. To determine bone ash content, tibias were dried at 110℃ for 12 hours followed by ether extraction, re-drying and reweighing. The dry fat-free bones were ashed in a muffle furnace at 550℃. Ash weight was calculated as a percentage of dry fat-free bone weight. The concentrations of Ca and P in serum were measured with a commercial assay kit (Nanjing Jianchen Biological Product Co. Ltd., China) according to the manufacturer's instructions.
Diets were ground to pass through a 1-mm screen and mixed thoroughly before analysis. The ground diets and excreta were air-dried at 105℃ to constant weight to estimate dry matter content. The analytical procedure for titanium dioxide concentrations in the diets and excreta was described by Short et al. (1996) . The contents of Ca and P in the diets and excreta were analyzed according to AOAC (1990) . The method determining phytase activity in the PTC was referred to Chen et al. (2008) .
Statistical Analysis
All data were subjected to one-way ANOVA using the SAS software Release 8.01 (SAS Institute, 2000) in a completely randomized design. Significant differences among treatment means were measured by Duncan's multiple range test at P＜0.05.
Results
Growth Performance
Effects of PTC in low-P corn-soybean meal diets on growth performance of broiler chicks are presented in Table  2 . The BW, ADFI, ADG and F/G were not different between the PC and PTC groups, but ADFI and ADG were higher than those in the NC group in both experimental periods (P＜ 0.05). In the starter phase, the ADFI and ADG of the EP group were lower than those in the PC and PTC groups (P＜ 0.05). In terms of F/G, no differences were found in the starter phase (P＞0.05); however, the F/G of the PTC group was lower than those of the NC and EP groups overall (P＜ 0.05).
Parameters of Tibia and Plasma
Effects of PTC on the tibia strength and the contents of Ca and P in tibia ash and serum of broiler chicks fed low-P cornsoybean diets are presented in Table 3 . The tibia strength of chicks of day 21 in the PTC group was similar to that in the EP group, which was greater than the NC group (P＜0.05). There were no differences in the contents of Ca and P in tibia ash and serum between the PTC and PC groups in the two phases, except a lower tibia P content in the PTC group at day 21 (P＜0.05). Compared with the NC group, significantly higher contents of tibia ash and serum P were observed in the PTC group on day 21 (P＜0.05). There were no significant differences (P＞0.05) between the PTC and the EP groups on day 21 except the content of tibia ash.
The tibia strength of chicks of day 42 in the PTC group was higher than that in the NC group, but insignificantly. The tibia ash, the tibia Ca and P and the serum Ca and P of the PTC group were similar to those of the PC group on day 42. And the tibia ash and serum P in the PTC group were higher than those in the NC group (P＜0.05). There were no significant differences between the PTC and the EP group on day 42, but the tibia Ca of the PTC group was higher than that in the EP group (P＜0.05) and the tibia P in the EP group was significantly higher than that in the PTC group (P＜ 0.05).
Apparent Retention of P and Ca
The apparent retention of Ca and P of broiler chicks during day 17 to 21 and day 38 to 42 were determined in the current study (Table 4 ). Compared to the PC group, apparent retention of total P (tP) in the PTC group significantly increased in the starter phase (P＜0.05), although the difference was not significant in the grower phase. Compared to the PC group, the apparent retention of Ca in the PTC group significantly increased in the starter phase (P＜0.05), but decreased in the grower phase (P＜0.05). And there were no differences in apparent retention of Ca between the PTC and the EP groups, but higher apparent retention of tP was present in the PTC group (P＜0.05).
Discussion
Growth Performance
Growth performance is an important index for evaluating whether the feed additive is effective or feasible. During seed development, endosperm-specific overexpression of the phytase could not interfere with the phytase metabolism occurring mainly in embryos, which is required for corn seed germination (Chen et al., 2008) ; however, the expressed phytase will function to hydrolyze the embryo phytate in an animal's intestine when the transgenic corn seeds are utilized as feed. By releasing phytate-bound P and reducing P excretion, phytase can improve the availability of phytate P and reduce the addition of inorganic P while maintaining normal growth of the bird. Several hundred investigations into the effects of microbial phytases on growth performance of poultry have been completed. Some indicated that the addition of phytase to diets has consistently enhanced growth performance, including the ADG and ADFI (Farrell et al., 1993; Qian et al., 1996 Qian et al., , 1997 Lou et al., 1998; Dilger et al., 2004) , whereas some others reported no effect (Perney et al., 1993; Boling-Frankenbach et al., 2001) . This may be due to phytase source, raw materials and characteristics of diets. The significant growth-promoting effect by phytase was mainly caused by release of minerals and trace elements from complexes with phytate and/ or by utilization of inositol by animals after hydrolysis of phytate to inositol and inorganic P (Simons et al., 1990) .
Very few studies have been completed on PTC as a source of phytase in diets of broilers. Zhang et al. (2011) found no differences between control group which was fed with basal diet and low-inorganic P groups which were supplemented with 500 FTU of EP/kg of diet or 500/750 FTU of PTC/kg of diet in ADG, ADFI and F/G. The results of our study indicate that the phytase supplementation from PTC increased ADG and ADFI compared with the NC group, and growth performance of the PTC group was similar to that of the PC group. This demonstrated that PTC can improve the growth performance of birds fed with low-P corn-soybean diets. The F/G of the PTC group was similar to other treatments in the starter phase, but was higher than other groups in the Group   Table 3 
. Effects of PTC on Ca and P contents in tibia ash and serum of broilers
Tibia strength kg
Day 21
Tibia ash % Phase grower phase and overall; therefore, higher ADG of the PTC group was caused by higher ADFI in the starter phase. The efficacy of PTC was affected by the age of the broilers. Since the young broiler gastrointestinal tract is unable to secrete sufficient amounts of pepsin and gastric acid, this could explain why phytase was more efficient with more mature broilers (Ohh, 2011) . It is concluded that partly replacing non-genetically modified corn with PTC can fully keep good growth performance despite halving the amount of diacalcium phosphate in the diet.
Parameters of Tibia and Plasma
Ca and P are the major components of the skeletal system. Bone mineral values were closely related with the metabolism of Ca and P. When the feed was deficient in Ca and P or the needs of animal were increased, the Ca and P in bone were used to meet the body's other needs, which decreased the content of ash, Ca and P in bone. The tibia ash was also a sensitive indicator for P in the diet. Qian et al. (1996) reported that supplementing a low-nonphytate P diet with inorganic P or phytase can improve the histological, mechanical, and chemical characteristics of bone by promoting normal bone development and mineralization. The results of previous research indicated that phytase could increase the tibia strength and the tibia ash weight and mineral contents, which suggests that phytase improves bioavailability of phytate P and other minerals like Ca, zinc, magnesium, iron, and copper in the diet (Nelson et al., 1971; Perney et al., 1993) . Lou et al. (2000) indicated that broiler chicks fed Pdeficient diet containing 500 to 1000 FTU of phytase/kg of diet showed similar performance to those fed a P-adequate diet on the content of tibia ash, Ca and P. Dilger et al. (2004) and Onyango et al. (2005) reported the similar results. Zhang et al. (2011) performed a similar study with phytase from PTC which showed that there were no significant differences in the content of tibia Ca and P in birds that were 21 days old between those fed a P-deficient diet containing 500 FTU/kg phytase from PTC and broilers fed a P-adequate diet. The P content of tibia ash was reduced significantly at 42 days when fed a P-deficient diet containing 500 FTU/kg phytase from PTC. The EP group was similar to the PTC group in the tibia values. The current study indicated that PTC could enhance the tibia strength and ash weight when chicks were fed a P-deficient corn-soybean diet at 21 days. The difference of tibia strength caused by low-P diet was significantly decreased when the diet supplemented with PTC, but the tibia strength in the PTC group cannot reach the level in the PC group at the starter phase. The tibia P in the PTC group was almost equal to that in the NC group at 42 days. This probably relates to similar apparent retention of P between the PTC and NC groups at the grower phase.
Generally, if the function of the parathyroid and vitamin D are normal, the drop of Ca 2+ concentration in serum will cause the secretion of parathyroid hormone and synthesis of calcitriol, and then the Ca 2+ concentration in serum will increase to a normal level. A low level of blood Ca can cause rapid bone mobilization. The concentration of serum Ca is not sensitive to the Ca level in the diet, especially with a normal Ca/P ratio (Stoerk, 1945) . A P deficiency produces bone abnormalities which are accompanied by a low level of serum P (Wise, 1975) . Yang et al. (2008) reported that the level of Ca and P in serum did not decrease by replacing 50% of the dicalcium phosphate in an optimum basic diet with 400 FTU/kg phytase. In the current study, there were no differences in the level of Ca and P in serum between the PTC group and the PC group. Catalá-Gregori et al. (2006) reported that no differences appeared in the plasma Ca and P contents of 42-day-old broilers between the control group with adequate P diet and the group with low-P diet and added phytase, and Zhang et al. (2011) also reported similar results by feeding PTC to broilers.
Apparent Retention of P and Ca
It is generally accepted that phytase can increase the percent degradation of phytate-P. Onyango et al. (2005) reported that apparent ileal digestibilities of P or Ca in chicks fed phytase-supplemented diets were not different from those fed the low P diet. However, chicks fed diets supplemented with phytase showed higher retention of P than those fed the low P diet, and a linear increase in retention of Ca with phytase supplementation existed. Dilger et al. (2004) reported that there were no differences in apparent Ca digestibility between the NC group which diet was low in inorganic P and NC+ phytase group in broiler chicks. Zhang et al. (2011) reported that PTC supplementation in a low-P diet can reduce the P excretion effectively in broilers and did not affect the Ca and N excretion. In this study, compared with the birds fed the PC or NC diet, birds fed phytasesupplemented low-P diets showed an improvement in the apparent retention of P during 17 to 21 days. The prior result agreed with the result of Nyannor et al. (2008) that Escherichia coli phytase expressed in corn was efficacious in P-deficient diets of broiler chicks for the improvement of P utilization, which would minimize the need for supplemental P in broiler diets. The improvement in the apparent retention of P corresponded to the increase in serum P of birds fed PTC-supplemented diets compared with that of the birds fed the NC diet. The capacity of phytase to increase total P digestibility in broilers has frequently been demonstrated. For example, Onyango et al. (2005) showed that the evolved Escherichia coli phytase was efficacious in improving retention of P in broiler chicks. In this study, the apparent availability of P was no longer significantly improved in the grower phase probably because of a lower requirement of P and an adaptation to this critical circumstance at an older age. These results suggest that PTC is beneficial for chicks to reduce inorganic P consumption especially in the starter phase of broilers. The data presented show that the addition of PTC to a P-deficient diet improved the growth performance and the utilization of P and Ca, and the efficacy of PTC was comparable to exogenous phytase when supplemented in a P-deficient diet.
